ABSTRACT. Stored dry common bean seeds are subject to infestation by Acanthoscelides obtectus, which reduces the quality of the infested seeds and depletes their nutritional value, making them unfit for human consumption. The susceptibility of three Egyptian varieties to infestation by A. obtectus was investigated. The Nebraska variety was the most susceptible, with 34.5 and 62% infestation at artificial infestation levels that included 5 and 10 pairs of insects for every fifty seeds, respectively, followed by the Karnak and Giza 6 varieties. The maximum weight losses as a result of insect infestation were observed for Nebraska seeds, and as expected, the maximum numbers of emerged adults after 50 days of storage were also observed for this variety. Maximum means of infested seeds were recorded in the Nebraska and Karnak varieties at the 10-pair infestation level. According to the infestation index, the Giza 6 and Karnak varieties were moderately resistant, while the Nebraska variety was susceptible at the 10-pair infestation level. Moreover, changes in the chemical composition of infested dry common bean seeds were inconsistent, with increases in some nutritional properties (protein and fibre contents) and decreases in others (moisture, carbohydrate and fat contents).
INTRODUCTION
The common bean (Phaseolus vulgaris L.) (Fabaceae) is the most important legume worldwide for direct human consumption and is a source of dietary fibre, calories, proteins, minerals and vitamins for millions of people worldwide (SHEHATA et al. 2011) . It is an Department, Faculty of Agriculture, Alazhar University, Egypt, by allowing samples of sexed adults to lay eggs on untreated and sterilized common beans (Nebraska) in an incubator at 28 ± 2°C and 70 ± 5% RH. The adults were maintained in the laboratory after collection. Approximately 100 insects were reared in 0.5 kg of Nebraska seeds using 1 L glass jars covered with muslin cloth. Males and females of A. obtectus are sexually dimorphic. Males were active and smaller in size with a vertical pygidium, whereas females were bulky with a subvertical pygidium (NAHDY 1994) .
Experimental Design
The damage and weight loss of the three varieties of stored dry common beans were assessed using an artificial technique under laboratory conditions. In this test, five and ten 24-h-old, randomly collected A. obtectus pairs were placed in glass jars containing fifty seeds of each variety with three replicates (separately). The jars were then covered with muslin secured with rubber bands and kept in an incubator. The insects were removed after a 12-day infestation period, and the infested beans retained until the new adults started to emerge. The experiment was continued under laboratory conditions until the emergence of A. obtectus adults ceased. The bean samples in each glass jar were weighed before and after infestation at different levels to determine the weight loss (SIBAKWE & DONGA 2015) .
Data collection Effect of different A. obtectus infestation levels on damage and weight loss of common bean seeds
The percentage of infested bean seeds, the numbers of infested and uninfested seeds, the number of holes per seed and the weight loss of seeds from each variety were recorded after 50 days of infestation in accordance with SIBAKWE & DONGA (2015) .
The percentage of infested seeds was calculated as follows:
where: IG -infested grains, N IG -number of infested grains, N G -total number of grains. The number of holes per seed was calculated as follows:
where: ANH -average number of holes per grain, NH -number of holes, N IG -number of infested grains.
Seed weight loss was calculated as follows:
where: GWL -grain weight loss, IGW -initial grain weight for the samle, FGW -final grain weight after infestation.
Infestation index of common bean varieties infested by A. obtectus
The number of A. obtectus adults that emerged and the mean developmental period were recorded to calculate the infestation index. Taking values from 0 to 11, this index was used to categorize the common bean varieties, where 0-3 = resistant, 3.1-7 = moderately resistant, 7.1-10 = susceptible and ≤ 11 = highly susceptible (DOBIE 1974) .
where: IS -infestation index, Y -total number of adults emerged, T -mean duration of the developmental period.
Effect of different A. obtectus infestation levels on the chemical composition of seeds
Chemical analysis was conducted to determine the effect of different infestation levels on the chemical composition of dry common beans from each variety. These analyses were carried out for 20 g of dry common bean seeds from each variety. The estimated values of the chemical composition (protein, fat, fibre, ash, moisture and carbohydrate contents) from each sample of infested seeds of each variety and their comparison with the corresponding values of uninfested dry common bean seeds were analysed in the 750-2500 nm wavelength region using a near-infrared (NIR) spectroscope (model DA1650 -FOSS Corporation) (WILLIAMS & NORRIS 1987) . The chemical composition (protein, fat, fibre, ash, moisture and carbohydrate contents) was assessed at the Central Laboratory, Faculty of Agriculture, Alazhar University.
Statistical analysis
The data regarding percentage infestation, percentage weight loss, developmental period, adult emergence and the infestation index were subjected to analysis of variance (ANOVA), and means were compared with the Student-Newman-Keuls (SNK) test with a significance level of 0.05 using SPSS 21.0 (SPSS, Chicago, IL, USA). (F = 20.64 ; p ≤ 0.0004). The highest percentage of seed infestation was recorded for Nebraska (34.50%), followed by Karnak (22.5%) and Giza 6 (16.25%) at the 5-pair infestation level (Table 1) . Only the differences in the numbers of holes per seed were not statistically significant among these varieties. Table 2 shows that the highest number of infested seeds and holes caused by A. obtectus was observed for Nebraska, with 31 infested seeds (F = 19.34; p ≤ 0.0006) and 113 holes (F = 13.98; p = 0.0017), compared to the rest of the varieties (Karnak and Giza 6). The highest percentage of seed infestation (62%) was recorded for Nebraska, followed by Karnak (51.25%) and Giza 6 (30%) at the 10-pair infestation level (F = 19.23; p ≤ 0.0006). 
RESULTS

Effect of different
Weight loss of seeds of dry common bean varieties with different levels of A. obtectus infestation
The results listed in Table 3 show the percentage weight loss of seeds of common bean varieties caused by A. obtectus during 50 days of storage at different levels of artificial infestation. Nebraska was the most susceptible variety with the highest mean weight loss of 7.43 and 11.84%, followed by Karnak (5.51 and 8.45%) and Giza 6 (2.82 and 6.23%) at the 5-and 10-pair infestation levels (F = 8.28; p = 0.0091 and F = 5.58; p = 0.0265), respectively. The infestation index (IS), developmental period and adult emergence of A. obtectus for seeds of dry common bean varieties The three varieties assessed under laboratory conditions showed significant variation in susceptibility to A. obtectus at different infestation levels. There were significant differences (p  0.05) in the infestation index (IS), adult emergence and developmental period (Table 4 ). Higher levels of these parameters were recorded with the Nebraska variety than with the other varieties (IS of 5.94 and 7.16), Karnak scored second with an IS of 4.94 and 6.84 and Giza 6 scored third with an IS of 4.40 and 5.47 at the 5-and 10-pair infestation levels (F = 11.06; p = 0.0038 and F = 16.73; p = 0.001), respectively. The results also showed that the developmental period of A. obtectus was not significantly different between Karnak and Giza 6 (29.74 and 29.94 days), but that for Nebraska, the developmental period was significantly different at 30.52 days (F = 4.18; p = 0.016) at the 5-pair infestation level. There was also no significant difference in the developmental period between Nebraska and Karnak, for which the developmental periods were 30.45 and 30.05 days (F = 18.07; p ≤ 0.0001), respectively, at the 10-pair infestation level. There was a high level of emergence of adults from Nebraska (66.25 and 108 adults) and low emergence from Giza 6 (27.50 and 38.75 adults) at the 5-and 10-pair infestation levels (F = 35.45; p ≤ 0.0001 and F = 11.71; p = 0.0031), respectively. A frequency distribution of the 3 varieties, based on the IS, showed that the Giza 6 and Karnak varieties were moderately resistant to the bean beetle, whereas the Nebraska variety was moderately resistant at the 5-pair level and susceptible at the 10-pair level of infestation. 
Effect of different A. obtectus infestation levels on the chemical composition of seeds
The data presented in Table 5 reveal differences in the chemical compositions of seeds of the varieties infested by A. obtectus after 50 days at the 5-and 10-pair levels of artificial infestation. The results showed that the protein level increased after infestation in all the varieties tested. A maximum increase in protein of 2.66 and 1.79% was observed for Giza 6 infested at the 10-and 5-pair levels, respectively, followed by Karnak and Nebraska with protein increases of 0.78 and 0.53%, respectively, when infested at the 10-pair level. The results also showed that the fat contents of all the varieties tested decreased after infestation with A. obtectus. The maximum decrease in fat of common bean seeds occurred in Giza 6 and Nebraska, with percentages of 0.37 and 0.28% at the 10-pair infestation level, respectively. Fibre contents generally increased after infestation. A maximum increase of 1.97 and 2.68% was observed in Nebraska infested at the 5-and 10-pair infestation levels, respectively, followed by Giza 6 (0.63 and 0.74%, respectively). Moreover, the ash content of the infested seeds increased in the Nebraska and Karnak varieties but decreased in Giza 6. A maximum increase in the ash content of 1.62 and 2.04% was observed in Nebraska (infested at the 5-and 10-pair levels, respectively), followed by Karnak with a 0.77% increase at the 10-pair infestation level. A maximum decrease in the ash content of 0.49% was observed in Giza 6 at the 5-pair infestation level. The present investigation demonstrated that infestation with A. obtectus had a negative effect on the carbohydrate contents of the different varieties of common bean seeds. A maximum reduction of 2.09 and 2.93% of carbohydrates was observed in Nebraska (infested at the 5-and 10-pair levels, respectively), followed by a decrease of 1.38 and 1.30% in Karnak and Giza 6 (infested at the 10-pair level), respectively. In addition, the moisture content of seeds decreased after infestation with A. obtectus in all three varieties. The maximum decrease in moisture was observed in Giza 6 at the 5-and 10-pair infestation levels, with reductions of 1.99 and 2.59%, respectively.
DISCUSSION
The data presented clearly show that all three dry common bean varieties supported the growth and development of A. obtectus, thus providing evidence of the susceptibility of all the varieties to A. obtectus. The Nebraska variety was the most susceptible at the 10-pair infestation level with 62% infestation. Similar results were obtained by SIBAKWE & DONGA (2015) , who studied the susceptibility of common bean varieties to A. obtectus in Malawi and found that the percentage seed infestation differed, reaching 42% after 3.5 months and and ALLOTEY et al. (2016) , who showed that the percentage of seed infestation by A. obtectus for common bean varieties in Botswana differed among varieties, reaching 81.5% during a 2-month storage period. Damage to the seeds infested with A. obtectus included contamination with frass, exoskeletons, insect body parts, dead insects and noxious odours originating from the infested seeds. These feeding effects and the associated damage make the beans unsuitable for human consumption. Partially infested seeds have been reported to have their embryos, germination ability and taste qualities destroyed (KOONA & BOUDA 2006) . Infestation with A. obtectus resulted in the maximum weight loss in Nebraska seeds after 50 days of storage. According to the weight loss of the tested dry common bean varieties due to A. obtectus infestation, their susceptibility to A. obtectus can be arranged in descending order: Nebraska < Karnak < Giza 6. SIBAKWE & DONGA (2015) obtained similar results: they found that the percentage weight loss of seeds infested by A. obtectus ranged from 3 to 29% depending on the different varieties tested. ALLOTEY et al. (2016) demonstrated weight loss caused by A. obtectus on common beans during 2 months: the larval feeding effects increased damage to infested seeds, resulting in the initial weight being reduced by 13.7%. EBINU et al. (2016) stated that A. obtectus reduced the weight of infested common bean seeds.
According to the infestation index (IS), adult emergence and developmental period, the Giza 6 and Karnak varieties were moderately resistant, while the Nebraska variety was susceptible to A. obtectus at the 10-pair infestation level. Similar results were obtained by YANKOVA et al. (2010) , who investigated the relationship between the infestation index of A. obtectus and some morphological, physical and chemical characteristics of common bean seeds and found that the highest infestation index was exhibited by the Bulgarian variety Starozagorski cher (21.5%), whereas the lowest index was observed for XAN (4%). SIBAKWE & DONGA (2015) studied the susceptibility of common bean varieties to A. obtectus in Malawi and concluded that the level of resistance to A. obtectus among the seven varieties evaluated differed significantly according to the infestation index during storage periods (4.5 months). EBINU et al. (2016) tested the susceptibility of Ugandan common bean varieties to A. obtectus infestation and showed that all the common bean varieties evaluated were susceptible or highly susceptible to A. obtectus, based on the Dobie infestation index.
The chemical composition of dry common bean seeds infested with A. obtectus showed an increase in protein and fibre contents and a decrease in moisture, carbohydrate and fat contents for all varieties. This was in agreement with the findings of MBAH & SILAS (2007) , who reported an increase in protein in cowpeas infested with Callosobruchus maculatus (FABRICIUS, 1775) . The increase may be attributed to the presence of the pest's eggs, egg cases and excreta. MEBARKIA et al. (2010) showed high protein contents and low carbohydrate contents in wheat varieties due to infestation with Sitophilus granarius (LINNAEUS, 1758) . The increase in the protein content of the infested seeds is attributed to the production of harmful protein sources such as cast skins, exuviae, dead insects, wings, legs and other body parts of insects that are present in infested seeds and might also be due to significant depletion of seed carbohydrate contents. MOFUNANYA (2017) studied the changes in the biochemical composition of Phaseolus lunatus L. as affected by Acanthoscelides obtectus infestation and showed that the protein content in infested seeds was elevated compared with that of non-infested seeds. The actual protein contents may decrease as the insect feeds on both the endosperm and the embryo, causing quantitative and qualitative damage (PRABHAKUMARY & SINI 2008) . On the other hand, the increase observed in the fibre content may be attributed to the feeding behaviour of A. obtectus. According to SALUNKHE et al. (1985) , Trogoderma granarium EVERTS, 1898 larvae primarily prefer to feed on the germ portion, at least during the normal course of infestation, resulting in an increase in fibre content on the basis of overall weight. MOFUNANYA (2017) reported that infestation by Acanthoscelides obtectus led to a significant decrease in the fibre content of lima beans. The results also demonstrated that the carbohydrate and fat contents of seeds infested by A. obtectus were lower than those of non-infested seeds. Moreover, the reduction in fat and carbohydrate contents was not solely dependent upon the development of progeny but depended on other factors, including varietal resistance and insect preference. It has been reported that storage pests cause considerable quantitative as well as qualitative losses, ultimately leading to a deterioration in nutritional value (NEETHIRAJAN et al. 2007 ); in addition, the decrease in moisture content obtained in this study may be linked to the metabolic activities of seeds (MBAH & SILAS 2007) . Generally, changes in the chemical composition of dry common bean seeds infested with A. obtectus were inconsistent, with increases in some of the nutritional components (protein and fibre contents) and decreases in others (moisture, carbohydrate and fat contents). CONCLUSIONS Evidently, A. obtectus is directly responsible for large post-harvest losses of common beans through their consumption of the seeds, especially during storage, and is indirectly responsible through the qualitative deterioration of common beans (and subsequently reduced market value) or through the reduction in seed viability. Infestation with the beetle is therefore a menace to the utilization, storage and sustainable production of common beans. The level of susceptibility among the three Egyptian varieties evaluated for A. obtectus differed significantly during the short storage period. According to the infestation index, the Nebraska variety was the most susceptible, while the Giza 6 and Karnak varieties were moderately resistant. Moreover, the results of the present investigation have revealed highly significant changes in the nutritional composition of seeds of different common bean varieties when subjected to artificial infestation with A. obtectus adults. Based on the results of the laboratory assays, the common bean varieties Giza 6 and Karnak are more resistant to A. obtectus than is Nebraska. Therefore, these varieties can be recommended for cultivation in Egypt.
